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Hemolysis of rabbit erythrocytes
by several lysophosphatidylcholines(lysoPCs)containing C12-C18 saturated and cis unsaturated acyl chains was investigated in vitro.The degree of hemolysis was dependent on the erythrocyte concentration used.Based on this dependency,two determinants for the drugs'hemolytic activity,namely,their affinity for the cell membrane and their intrinsic hemolytic activity,were analyzed separately to clarify the relationship between these factors and the acyl chain structure.Elongation of the acyl chain in saturated lysoPCs was found to greatly increase the affinity and slightly increase the intrinsic activity.In contrast,the introduction of a cis double bond into the acyl chain was found to slightly decrease the affinity and to significantly decrease the intrinsic activity.The affinity and the intrinsic hemolytic activity are discussed in relation to critical micellar concentration and bilayer solubilization ability,respectively.
Keywords-erythrocyte;hemolysis;lysophosphatidylcholine;acyl chain;affinity;intrinsic activity;structure-activity relationship;critical micellar concentration;bilayer solubilization
The investigation of hemolysis induced by drugs is of great importance in pharmaceutical sciences not only to evaluate their actions on membranes but also to develop injectable dosage forms of these hemolytic drugs.In recent years,lysophospholipid-type compounds,such as platelet activating factors,have been extensively studied for possible medical applications.1) The hemolytic activities of lysoPCs and their analogs have been studied to clarify structureactivity relationships.2)Lysophosphatides are known to hemolyze erythrocytes in two steps, i.e.binding of the hemolysin to the membrane and following membrane perturbation. Accordingly,it is important to examine the effect of drug structure on each step separately. However,previous studies on lysoPC-induced hemolysis2b,c)have delt only with the apparent structure-activity relationship without any consideration of the separate contributions of these two steps to the hemolytic activity.In the case of ether-deoxy type lysoPC analogs,2a)on the other hand,the hemolytic activity was quantitatively analyzed using14C-labelled compounds,although data on unsaturated hemolysin were not obtained.
Thus,to elucidate the effect of the acyl chain structure(chain length and unsaturation)on the hemolytic activity,we quantitatively investigated in vitro hemolysis by a series of lysoPCs using the cell concentration variation method,3)which is experimentally easier than the radioisotope method. 
Estimation of Free and Intramembrane LysoPC Concentrations
Evaluation of the membrane affinity and the intrinsic hemolytic activity of lysoPCs requires consideration of free and intramembrane lysoPC concentrations,which can be determined by the cell concentration variation method.31
The concentration of lysoPC required for hemolysis was found to depend on the cell concentration as in surfactant-induced hemolysis.71 For example, Fig.2 shows the doseresponse curves for myristoyl lysoPC-induced hemolysis at cell concentrations of 0.5-2.0%. An increase in the cell concentration shifts the curve to the right.This suggests binding of the hemolysin to the erythrocyte membrane.The amount bound to the membrane can be estimated using a material balance equation:
where[D]is the drug concentration at a given % hemolysis and subscripts 0,J;and m represent total,free,and intramembrane,respectively.V.,and V are the membrane volume (packed cell volume)and suspension volume,respectively;i.e.Vm/V is the membrane volume ratio (hematocrit value divided by 100).Equation 2 is essentially the same as Thron's equation3)which is based on cell count:cell volume used in Eq.2 can be determined more easily.When the drug concentration required to cause a given % hemolysis, (Table I) will give some information relevant to this debate.Except for myristoyl lysoPC,the [D] 50 f values are slightly higher than the corresponding cmc values,suggesting the presence of lysoPC micelles in the hemolysis concentration ranges.If some hydrophobic or amphiphilic membrane components are solubilized by the lysoPC micelles,the cmcs will decrease.8)Thus,the micelles may also exist in the case of myristoyl lysoPC-induced hemolysis. The symbols are the same as in Fig.1 affinity as well as the micellization ability(i.e.increased the cmc)of lysoPCs,reflecting the hydrophilic character of the double bond.It is known from solubility and micellization studies that the introduction of a double bond is equivalent to the removal of 1 to 1.5 carbon atoms from a saturated chain.8)
The similarity of the membrane affinity to the micellization ability suggests the importance of hydrophobic interactions in the binding of lysoPCs to the erythrocyte membrane.However,as reported for deoxy-lysoPC,2a)the membrane affinity of stearoyl lysoPC is less than the value predicted from the linear relationship (Fig.6a) .The reason may be that most membrane-constructing phospholipids contain C16-C18 fatty acyl chains.41
For saturated lysoPCs the intrinsic hemolytic activity(1/[D]50m)was found to increase with the number of carbon atoms in the acyl chain (Fig.7a) .Namely,lysoPC containing an acyl chain similar to that of membrane phospholipid shows greater membrane-perturbing activity.However,the increase in membrane perturbation per methylene group is not as marked as the increase in membrane affinity.In contrast,the presence of a cis unsaturated bond in the acyl chain reduces the intrinsic hemolytic activity by a factor of 5.
The intrinsic hemolytic activity is closely related to the mechanism of the membrane perturbation.The membrane lipid region is the most plausible candidate for a point of action.2d)Accordingly,the solubilization of lipid bilayers by lysoPCs was examined.The presence of increasing amounts of lysoPCs in lipid bilayers is known to cause the solubilization of the membranes(bilayer to mixed micelle transition).12)The lysoPC to egg PC molar ratios at which the solubilization occurred are plotted in Fig.7b .For saturated lysoPCs the bilayer solubilization ability is related to the intrinsic hemolytic activity.However,in spite of its low intrinsic hemolytic activity the solubilization ability of oleoyl lysoPC is even higher than that of stearoyl lysoPC. Reman et al.2c) reported that the bilayer membrane of lipids extracted from bovine erythrocytes is destroyed by oleoyl lysoPC as effectively as by stearoyl lysoPC.
In the interaction of plasma membrane and liposome with various types of long-chain alkanoic acids,the cis unsaturated alkanoic acids are preferentially partitioned to the liquid crystalline phase,while the saturated and trans unsaturated ones to the gel phase.13)If the erythrocyte membrane consists of membrane proteins and lipid microdomains,it is plausible that the two types of lysoPCs,the saturated and the cis unsaturated,may be preferentially partitioned to the gel-like and liquid crystalline-like domains,respectively.This assumption can be supported by the fact that such a difference between the saturated and the cis unsaturated lysoPCs was not observed in the solubilization of the bilayers of extracted lipids2c) and egg PC as mentioned above.In the case of the alkanoic acids ,13)no difference in membrane fluidizing effects,determined by measuring the fluorescence polarization change of diphenylhexatriene,has been also reported in the homogeneous liquid crystalline bilayer of egg PC. The detailed mechanism of the membrane perturbation by these two kinds of lysoPCs is not obvious at the present stage.However,the perturbing ability of stearoyl lysoPC to the gel phase seems to be more effective than that of oleoyl lysoPC to the liquid crystalline phase.The importance of lipid domains or phase boundaries for the permeability change by lysoPC has been suggested.2d) The apparent hemolytic data( Table I .In the case of palmitoyl , stearoyl,and oleoyl lyst)PCs,ca.90% of the hemolysin was bound to the cell because of their high affinity,so that the difference in hemolytic concentration results practically from the intrinsic activity difference.On the other hand,in the case of myristoyl and lauroyl lysoPCs , the contribution of the affinity to the hemolytic concentration predominates over that of the intrinsic activity.
Thus,after analyzing the cell concentration dependency of the hemolytic dose-response curves the hemolytic activity of the lysoPCs can be described in terms of two hemolytic determinants,the membrane affinity and the intrinsic hemolytic activity.Structure-activity relationship studies such as the present report based on these essential factors are a useful guide to the understanding of the membrane-perturbing action of this type of drugs and to the development of injectables containing them.
